Current is rapidly reduced following modification of closing events themselves. This is not the case for Kv these residues (L157C, A161C, L164C, M169C) by channels, where there is now considerable evidence for MTSEA or MTSET ( Figures 2B and 2C) , and there is no significant inhibition of current for residues predicted to face away from the pore (M163C). Equivalent residues
, 2002a). A p-loop at the outer membrane
Results and Discussion surface forms a narrow ion selectivity filter, and the transmembrane conduction path is lined by the S6 or M2
Pore-Lining Cysteines in M2 Are Modified helices that follow the p-loop in the primary sequence by MTS Reagents ( Figure 1A ). The functional differences between K chanIn order to reliably examine the effects of cysteine renels lie in the control of their opening and closing, i.e., agents on substituted cysteines, it is necessary to gentheir gating. The gating of one major class (Kv channels) erate a nonreactive background. With the naturally ocis controlled by voltage (Yellen, 1998; Yi and Jan, 2000).
curring cysteine (C166) in M2, Kir6.2 channels are blocked The gating of another major class of K channels, the by cadmium, but when this residue was mutated to serine, inward rectifiers (Kir channels), is controlled by intracelthese control (Kir6.2-c) channels were almost comlular ligands, which bind to cytoplasmic domains ( ( Figure 2C ). This reduction results from a reduction of the single channel current ( Figure 3A) and not from an effect on gating ( Figure 3B ), and the sensitivity of channels (Cannell and Nichols, 1991; Nichols et al., 1991) , but since diffusion is not altered by MTSEA modification, to ATP inhibition ( Figure 3C ) is essentially unaltered after MTSEA modification. Determination of absolute opening the similar time courses of opening and closing, before and after modification, indicates that the channel kinetand closing rates from concentration-jump experiments such as these is compounded by diffusion limitations ics are also unaltered following modification ( Figure 3D ). [2a]
[3a]
As shown in Figures 3B-3D , neither the steady-state ATP dependence of channel activity nor the kinetics of channel opening and closing are altered by modification. Thus, the gating process is essentially the same in the unoccupied and modified states (and likely to be the same in the blocked state). If the rate constants for ATP-dependent opening and closing are known, these models are thus also constrained and modification kinetics can be predicted as a function of the open probability. As shown in Figure 3D , the opening and closing rates of L157C channels are approximately exponential Figure 6A) . At low degrees of closure, the modification rate will be enhanced; at ϩ50 mV the MTSEA modification rate is not expected to slow until Po Ͻ 0.01. At more negative voltages, and for the slower modifying MTSET, considerably lower Po must be attained before appreciable slowing is observed (see Figure 7) .
[3b] posures to MTSEA. In the presence of 10 mM ATP, a high degree of closure (rPo ϭ 0.0004) was now attained (Figure 6C) , and MTSEA failed to significantly modify the current during a 500 msec pulse to ϩ50 mV ( Figure  6Bi ). However, in 1 mM ATP (rPo ϭ 0.0056), there was significant modification during the 500 msec pulse to ϩ50 mV (Figure 6Bii) , similar to the extent of modification in the absence of ATP (Figure 6Biii) . In Figure 7 , apparent modification rates for individual L157C patches are plotted as a function of open probability, estimated in the absence or presence of various concentrations of ATP. For both MTSEA and MTSET, the data follow a bell-shaped dependence on the degree of closure, with modification rates slowing at very low open probabilities. Also shown in Figure 7A are the predicted relationships for zero (Scheme 2b) or equal accessibility (Scheme 3b) as well as for "partially gated" models in which the accessibility in the closed state is a fraction of that in the open state. The data indicate that accessibility is clearly at least 100-fold lower in the closed state (i.e., the scaling constant Ͻ 0.01). When modification rates are examined for MTSEA modification at Ϫ50 mV ( Figure 7A ) or for MTSET modification at ϩ75 mV ( Figure  7B ), both the predicted and observed relationships shift on the y axis and change "curvature" with rPo. Together, the data provide strong evidence for a gradual slowing of modification rates as high degrees of closure are attained, and argue against significant MTS access in the closed state.
A Common Structural Basis of Gating in Kv and Kir Channels?
In the present study, we have observed that MTS reagents modify essentially the same group of residues that coordinate Cd 2ϩ ions ( 
